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(57) ABSTRACT

A radiation generator includes an insulator, with an ion source
carried within the insulator and configured to generate ions
and indirectly generate undesirable particles. An extractor
electrode is carried within the insulator downstream of theion
source and has a first potential. An intermediate electrode is
carried within the insulator downstream of the extractor elec-
trode at a ground potential and is shaped to capture the unde-
sirable conductive particles. In addition, a suppressor elec-
trode is carried within the insulator downstream of the
intermediate electrode and has a second potential opposite in
sign to the first potential. A target is carried within the insu-
lator downstream of the suppressor electrode. The extractor
electrode and the suppressor electrode have a voltage ther-
ebetween such that an electric field generated in the insulator
accelerates the ions generated by the ion source toward the
target.

22 Claims, 2 Drawing Sheets
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1
RADIATION GENERATOR HAVING
BI-POLAR ELECTRODES

FIELD OF THE DISCLOSURE

This disclosure relates to a radiation generator, and, more
particularly, to a radiation generator having electrodes with
roughly opposite potentials.

BACKGROUND

A neutron generator may include an ion source and a target.
An electric field is generated within the neutron generator that
accelerates the ions toward the target at a speed sufficient such
that, when the ions are stopped by the target, neutrons are
generated and emitted into a formation into which the neutron
generator is placed. The neutrons interact with atoms in the
formation, and those interactions can be detected and ana-
lyzed in order to determine information about the formation.

While well logging instruments utilizing these neutron
generators are useful, they suffer from some unfortunate
drawbacks. For example, commonly used ion sources may
emit conductive particles that may build up on insulating
surfaces inside the neutron generator, thereby changing the
characteristics of those insulating surfaces. This in turn may
undesirably affect the electric field inside the neutron genera-
tor, and therefore alter the focus point of the ion beam, which
may result in the ion beam not striking the intended portion of
the target. The foregoing serves to degrade the performance
of'the neutron generator, and thus the performance of the well
logging instrument utilizing the neutron generator.

Another drawback is that some ions generated by the ion
generator may be neutralized by interactions with gases
inside the neutron generator. These energetic neutral particles
may impinge on a conductive electrode surface, ejecting
charged particles such as electrons, and conductive particles
such as sputtered metal that could land on an insulator, cre-
ating a layer on the insulator which may be charged and may
be conductive.

As such, further advances in the area of neutron generators
are desirable. It is desired for such new neutron generators to
reduce the buildup of undesirable charged or conductive par-
ticles on insulating surfaces, and thus provide a high degree of
stability and consistency, such that they can deliver a tightly
focused ion beam to the target and consistently generate
neutrons.

SUMMARY

This summary is provided to introduce a selection of con-
cepts that are further described below in the detailed descrip-
tion. This summary is not intended to identify key features of
the claimed subject matter, nor is it intended to be used as an
aid in limiting the scope of the claimed subject matter.

According to a first aspect, a radiation generator may
include an insulator, and a ion source carried within the insu-
lator and to directly generate ions and indirectly generate
undesirable particles. An extractor electrode may be carried
within the insulator downstream of the ion source and having
afirst potential. In addition, an intermediate electrode may be
carried within the insulator downstream of the extractor elec-
trode at a ground potential and may be shaped to capture the
undesirable charged or conductive particles indirectly gener-
ated by the ion source. A suppressor electrode may be carried
within the insulator downstream of the intermediate electrode
and having a second potential opposite in sign to the first
potential. A target may be carried within the insulator down-
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stream of the suppressor electrode, and the extractor electrode
and the suppressor electrode may have a voltage therebe-
tween such that an electric field generated in the insulator
accelerates the ions generated by the ion source toward the
target.

Another aspect is directed to a well logging instrument.
The well logging instrument may include a sonde housing,
with a radiation generator carried by the sonde housing. A
solid insulator may be carried by the sonde housing between
an inner surface of the sonde housing and an outer surface of
the radiation generator. There may be an insulating gas in the
sonde housing. The radiation generator may include a sealed
generator tube, a charged particle source carried within the
sealed generator tube and to emit charged particles, an extrac-
tor electrode carried within the sealed generator tube down-
stream of the charged particle source at a first potential, an
intermediate electrode carried within the sealed generator
tube downstream of the extractor electrode, a suppressor elec-
trode carried within the sealed generator tube downstream of
the intermediate electrode at a second potential opposite in
sign to the first potential, and a target within the sealed gen-
erator tube downstream of the suppressor electrode. The
intermediate electrode may be at an intermediate potential
between the first and second potential. The difference in the
first and second potentials may be such that an electric field
generated in the sealed generator tube accelerates the charged
particles emitted by the charged particle source toward the
target.

A method aspect is directed to a method of generating
radiation. The method may include generating ions and indi-
rectly generating undesirable particles, the undesirable par-
ticles being generated on a trajectory toward an insulator,
using an ion source. The method may also include accelerat-
ing the ions toward a target within the insulator using an
extractor electrode downstream of the ion source at a first
potential and a suppressor eclectrode downstream of the
extractor electrode at a second potential opposite in sign to the
first potential. The method may further include shielding the
insulator from the undesirable particles that would otherwise
strike the insulator, using an intermediate electrode down-
stream of the extractor electrode and upstream of the suppres-
sor electrode at a ground potential.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic cross sectional view of a neutron
generator according to the present disclosure.

FIG. 2 is a greatly enlarged cross sectional view of the
neutron generator of FIG. 1 showing electron trajectories
from the upstream surface of the intermediate electrode to the
extractor electrode, and from the suppressor electrode to the
downstream surface of the intermediate electrode.

DETAILED DESCRIPTION

One or more embodiments of the present disclosure will be
described below. These described embodiments are only
examples of the presently disclosed techniques. Additionally,
in an effort to provide a concise description, some features of
an actual implementation may not be described in the speci-
fication. It should be appreciated that in the development of
any such actual implementation, as in any engineering or
design project, numerous implementation-specific decisions
may be made to achieve the developers’ specific goals, such
as compliance with system-related and business-related con-
straints, which may vary from one implementation to another.
Moreover, it should be appreciated that such a development
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effort might be complex and time consuming, but would
nevertheless be a routine undertaking of design, fabrication,
and manufacture for those of ordinary skill having the benefit
of this disclosure.

When introducing elements of various embodiments of the
present disclosure, the articles “a,” “an,” and “the” are
intended to mean that there are one or more of the elements.
The terms “comprising,” “including,” and “having” are
intended to be inclusive and mean that there may be addi-
tional elements other than the listed elements. Additionally, it
should be understood that references to “one embodiment” or
“an embodiment” of the present disclosure are not intended to
be interpreted as excluding the existence of additional
embodiments that also incorporate the recited features.

Referring initially to FIG. 1, a radiation generator 100 is
now described. The radiation generator 100 includes a hous-
ing 101 having an interior surface, with an insulator 105 on
the interior surface. The housing 101 carries a vacuum enve-
lope formed by the insulator 103 and the various electrodes
attached thereto. The insulator 103 may be a high voltage
insulator constructed from ceramic material, such as Al,Oj;.
An ionizable gas is contained within the housing, such as
deuterium or tritium, at a pressure of 2 mTorr to 20 mTorr for
example. An insulating gas, for example SFq, is contained
within the housing 101.

An ion source 104 is carried within the housing. The ion
source 104 includes a cathode 106, a cathode grid 108 down-
stream of the cathode, and an extractor grid 109 downstream
of'the cathode grid. During operation of the radiation genera-
tor 100, the cathode 104 emits electrons. The cathode 106 and
the cathode grid 108 have a voltage therebetween such that
the electrons emitted by the cathode are accelerated toward
the cathode grid. The cathode grid 108 and the extractor grid
109 have a voltage therebetween less than the voltage
between the cathode 106 and cathode grid 108. As the elec-
trons pass the cathode grid 108 on a trajectory toward the
extractor grid 109, they slow down due to the lesser voltage
between the cathode grid and extractor grid. Some electrons
then strike the atoms of the ionizable gas, resulting in ioniza-
tion. Although the structure of this ion source 104 has been
described herein, those of skill in the art will readily appre-
ciate that other types of ion sources, such as those that operate
at a lower temperature and based upon a Penning discharge,
may beused. Indeed, the disclosure herein is applicable to any
sort of radiation generator, regardless of cathode type.

The radiation generator 100 also includes an extractor elec-
trode 110 carried within the housing downstream of the ion
source 104 that, during operating, is at a first potential. The
extractor electrode 110 is curved inwardly toward a longitu-
dinal axis of the insulator, which provides advantages that
will be discussed below.

Anintermediate electrode 112 is carried within the housing
downstream ofthe extractor electrode 110. A suppressor elec-
trode 118 is carried within the housing downstream of the
intermediate electrode 112 and, during operation, is at a sec-
ond potential. The suppressor electrode 118 is curved
inwardly toward a longitudinal axis of the insulator 103,
which also provides advantages that will be discussed below.
During operation, the intermediate electrode is at a potential
between that of the extractor and the suppressor. The inter-
mediate electrode may be substantially at ground potential
while the suppressor and extractor are at potentials with oppo-
site signs but not necessarily of equal magnitude. This may be
achieved by having a first power source (not shown) coupled
to the extractor electrode 110 to drive it to the first potential,
and a second power source (not shown) coupled to the sup-
pressor electrode 118 to drive it to the second potential.
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Those skilled in the art will appreciate that there may be
other extractor electrodes downstream of the extractor elec-
trode 110 shown, and that there may be other suppressor
electrodes downstream of the suppressor electrode 118.
There may be a first voltage divider circuit (not shown)
coupled to the first power source and to each extractor elec-
trode 110 so as to provide an increasing absolute voltage
difference between the extractor 110 and each successive
extractor electrode. In addition, there may be a second voltage
divider circuit (not shown) coupled to each suppressor elec-
trode 118 so as to provide an increasing absolute voltage
difference between the intermediate electrode 112 and each
successive suppressor electrode.

A target 120 is carried within the housing downstream of
the suppressor electrode 118. There is a voltage difference
between the extractor electrode 110 and the suppressor elec-
trode 118 such that an electric field generated in the housing
accelerates the ions emitted by the ion source 104 toward the
target 120. When the ions strike the target 120, neutrons or
gamma rays, depending upon the selection of the target mate-
rial, are generated. The neutrons or gamma rays can be emit-
ted into a material, such as a formation in a borehole. The
neutrons react with nuclei in the formation, and can be either
reflected back, or can cause photons such as gamma ray
photons to be reflected back. These reflected neutrons or
gamma ray photons can be captured by a detector (not
shown). Monitoring of the detector, together with analysis of
the data collected thereby, can then be used to determine
properties of the material in the formation. It should be noted
that there is a negative difference in potential between the
suppressor electrode 118 and the target 120 such that second-
ary electrons formed when the ions strike the target or gas
between the suppressor electrode and target are directed back
toward the target instead of toward the ion source 104. If the
electrons were allowed to fly back toward the ion source 104,
they could strike the cathode 106, heating the surface thereof
and potentially generating unwanted x-rays which could
damage the insulators 103 or 105. The electrons could also
strike the insulator 103 and charge it up, causing asymmetri-
cal potential distribution.

A limiting factor in prior radiation generator 100 designs is
the length of the acceleration gap between the extractor elec-
trode 110 and the suppressor electrode 118. The pressure of
the ionizable gas in the housing causes a variety of undesir-
able reactions between the accelerated ions and the ionizable
gas itself, and the longer the acceleration gap, the greater the
chance of these undesirable reactions. These reactions can
include the formation of neutral, accelerated particles that can
impinge metal surfaces inside the accelerator and the result-
ing creation of undesirable charged or conductive particles
via sputtering, which can strike the insulator 103 and build up
thereon.

If enough undesirable charged or conductive particles
build upon the insulator, portions of the surface of the insu-
lator 103 may become charged and/or conductive. This would
serve to alter the potential distribution between the extractor
electrode 110 and suppressor electrode 118, as well as other
components. This could alter the electric field in the housing,
and thus alter the path or cohesiveness of the ion beam, which
would degrade performance of the radiation generator 100.
Worse, with enough undesirable conductive particles build-
ing up the insulator 103, a short could form between the
extractor electrode 110 and suppressor electrode 118, or
between other components, for example. Such a short could
result in damage to the radiation generator 100 rendering it
inoperable.
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Another concern is the creation of undesirable neutral par-
ticles. These undesirable neutral particles are formed when
ions strike or interact with molecules of the ionizable gas in
the acceleration gap. In this situation, an electron from the
ionizable gas jumps to the ion, turning the ion into a neutral
particle. The energy and direction of the newly formed neutral
particle remains, yet because the particle is neutral, the elec-
tric field in the housing does not influence its trajectory.

If this particle strikes a metallic surface in the radiation
generator 100 it may sputter material therefrom as well as
cause secondary electron emission. The material sputtered
would be in the form of undesirable conductive particles, the
undesirable properties of which have been described above.
As also explained above, the secondary electrons could strike
the insulator 103 and charge it up, or could strike a metallic
surface and cause the generation of x-rays, which could in
turn damage the high voltage insulator 105 between the gen-
erator 100 and the grounded housing 101. Also, secondary
electron emission can lead to erroneous current flow, which
could overload the power supplies.

Yet another reason why it is desirable for the acceleration
gap to be kept as small as possible is to reduce the likelihood
of'acharge exchange reaction between an initially accelerated
ion and an atom of ionizable gas. In the charge exchange
reaction, the initially positively charged ion picks up an elec-
tron from an atom of ionizable gas, creating a neutral particle
(the negatives of which are explained above), as well as
creating an ion from the ionizable gas atom. This new ion is an
undesirable ion, as it is accelerated by but part of the available
potential difference. The undesirable ion may or may not
strike the target 120. If it strikes the target 120, its diminished
energy makes it more likely to cause target erosion through
sputtering and much less likely to cause a neutron generating
reaction. It is therefore desirable to keep charge exchange to
aminimum by using an acceleration gap of minimal length as
charge exchange is more likely at low ion energies.

Those of skill of art will appreciate that since the ion source
104 generates the ions which ultimately generate the unde-
sirable conductive or undesirable neutral particles, which in
turn can cause the secondary electron emission, the ion source
can be said to indirectly generate the undesirable particles in
the radiation generator 100.

By having the extractor electrode 110 and the suppressor
electrode 118 at potentials opposite in sign and with a well-
defined potential distribution due to the presence of the inter-
mediated electrode(s), the acceleration gap therebetween can
be shortened. By shortening the acceleration gap, the number
of'charge exchange reactions can be reduced. This reduces the
number of particles hitting the electrodes and therefore the
amount of secondary electron emission. Since the extractor
electrode 110 and suppressor electrode 118 are at potentials
opposite in sign with respect to the intermediate electrode, the
largest potential difference between separate electrodes is
reduced compared to conventional radiation generators
where the insulating material 103 is to hold off the full poten-
tial difference, while the potential difference between the
extractor electrode and suppressor electrode can remain the
same.

Further, if the intermediate electrode is substantially at
ground potential the largest potential difference between the
electrodes and the grounded housing, and thus the electric
field therebetween is reduced (by a factor of two, in some
applications), allows the thickness of the insulation (not
shown) surrounding the generator tube 100 to be reduced, as
with the lesser electric field comes a lesser chance of arcing
and other undesirable effects.
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Although the shortened acceleration gap helps reduce
these undesirable eftects, it may not completely do so. There-
fore, to help mitigate performance degradation caused by the
undesirable conductive particles and secondary electron
emission, the intermediate electrode 112 is shaped to capture
the undesirable charged or conductive particles that would
otherwise strike the insulator 103. Indeed, the intermediate
electrode 112 is T-shaped, comprising a base 114 extending
along the longitudinal axis of the insulator 103, and a projec-
tion 116 extending outwardly from the base. The projection
116 illustratively has a concave triangular shape. Since the
shape of the intermediate electrode 112 captures the undesir-
able conductive or neutral particles, as well as charged par-
ticles, that would otherwise strike the insulator 103, and
forces such particles to ground, the electric field in the hous-
ing remains unchanged.

In addition, the suppressor electrode 118 can be shaped
such that secondary electrons formed on the downstream
surface thereof are forced toward the intermediate electrode
112 where they can be forced to ground. This may result in the
creation of x-rays, albeit at a lesser energy level than if the
x-rays had been created by the secondary electrons striking
the extractor electrode 110, because the potential difference
between the suppressor electrode 118 and the intermediate
electrode 112 is about half the potential difference between
the extractor electrode 110 and suppressor electrode 118.
Thus, although these x-rays are created, they are less damag-
ing than if they had been formed by the secondary electrons
instead striking the extractor electrode 110. Also, in some
applications, the intermediate electrode 112 can be shaped
such that the secondary electrons formed on the upstream
surface thereof are forced toward the extractor electrode 110,
resulting in the creation of x-rays lesser in energy than x-rays
that would be created by secondary electrons created on the
surface of the suppressor 118 electrode striking the extractor
electrode 110 in the absence of the intermediate electrode. In
addition, a portion of the x-rays generated may be absorbed
by the intermediate electrode 112 before they damage the
insulators 103 or 105. Thus, the intermediate electrode 112
shields the insulator 103 not only from x-rays but also unde-
sirable charged or conductive particles. It should be appreci-
ated that since the x-rays result from the undesirable charged
or conductive particles striking electrodes, the x-ray photons
themselves can be considered to be undesirable particles indi-
rectly generated by the ion source.

Furthermore, the extractor electrode 110, intermediate
electrode 112, and suppressor electrode 118 can be shaped so
as to capture the undesirable charged or conductive particles
that would otherwise strike the insulator. In addition, the
intermediate electrode can be made of or coated with a low-Z
material, such as beryllium, to reduce the creation of x-rays
produced by secondary electrons striking the electrode.

FIG. 2 illustrates lines of constant potential in and around
the acceleration gap and the trajectories of secondary elec-
trons in and around the acceleration gap. Here, secondary
electron emission from the upstream surface of the suppres-
sor electrode 218 and the upstream concave surface of the
intermediate electrode 212 is shown. In the case of the sup-
pressor electrode 218, the secondary electrons are generated
and leave the surface due to neutral particles striking that
surface. As shown, these electrons are then captured by the
intermediate electrode 212 and do not fly upstream toward the
ion source. In the case of the secondary electrons being gen-
erated on the surface of the intermediate electrode 212, also
due to neutral particles striking that surface, the secondary
electrons, as shown, strike the extractor electrode 210. As
explained above, due to the fact that these secondary electrons



US 9,053,893 B2

7

are accelerated at less than the full potential difference
between the extractor electrode 210 and suppressor electrode
218 due to the presence of the intermediate electrode 212, the
damage from the resulting x-rays is lessened.

While the disclosure has been described with respect to a
limited number of embodiments, those skilled in the art,
having benefit of this disclosure, will appreciate that other
embodiments can be envisioned that do not depart from the
scope of the disclosure as disclosed herein.

That which is claimed is:

1. A radiation generator comprising:

an insulator;

a ion source carried within the insulator and configured to
directly generate ions and indirectly generate undesir-
able particles;

aplurality of extractor electrodes, a first extractor electrode
of' the plurality of extractor electrodes carried within the
insulator downstream of the ion source and having a first
potential, and a second extractor electrode of the plural-
ity of extractor electrodes carried within the insulator
downstream of the ion source and having a second
potential, wherein the first extractor electrode termi-
nates farther downstream from the ion source than the
second extractor electrode, and wherein the first poten-
tial is closer to ground than the second potential;

an intermediate electrode carried within the insulator
downstream of the extractor electrodes and being shaped
to capture at least some of the undesirable particles;

a suppressor electrode carried within the insulator down-
stream of the intermediate electrode and having a third
potential opposite in sign to the first potential and the
second potential;

the intermediate electrode being at an intermediate poten-
tial between the first and third potential; and

a target carried within the insulator downstream of the
suppressor electrode;

the extractor electrodes and the suppressor electrode hav-
ing a voltage therebetween such that an electric field
generated in the insulator accelerates the ions generated
by the ion source toward the target.

2. The radiation generator of claim 1, wherein the interme-

diate potential is at ground potential.

3. The radiation generator of claim 1, wherein the first
extractor electrode is curved inwardly toward a longitudinal
axis of the insulator and a portion of the first extractor elec-
trode that is curved has a substantially uniform thickness.

4. The radiation generator of claim 1, wherein the suppres-
sor electrode is curved inwardly toward a longitudinal axis of
the insulator.

5. The radiation generator of claim 1, wherein the first
extractor electrode is shaped to capture the undesirable par-
ticles indirectly generated by the ion source, wherein the first
extractor electrode is curved inwardly toward a longitudinal
axis of the insulator, whereby an inner diameter of the first
extractor electrode is greater at a longitudinal location nearer
to the ion source than at a longitudinal location farther from
the ion source.

6. The radiation generator of claim 1, wherein the interme-
diate electrode is shaped to attenuate x-rays undesirably gen-
erated in the radiation generator.

7. The radiation generator of claim 1, wherein the interme-
diate electrode is T-shaped.

8. The radiation generator of claim 1, wherein the interme-
diate electrode comprises a base extending along the longi-
tudinal axis of the insulator, and a projection extending out-
wardly from the base.

10

15

20

25

30

35

40

45

50

55

60

65

8

9. The radiation generator of claim 8, wherein the projec-
tion has a concave triangular shape.

10. The radiation generator of claim 1, wherein the inter-
mediate electrode comprises a material having a Z of less than
or equal to 13.

11. The radiation generator of claim 1, comprising a sealed
housing carrying the insulator, and ionizable gas molecules
within the sealed housing; and
wherein the ion source comprises:

a cathode configured to emit electrons;

a cathode grid downstream of the cathode;

an extractor grid downstream of the cathode grid;

the cathode and the cathode grid having a first voltage
therebetween such that the electrons emitted by the cath-
ode are accelerated toward the grid and downstream;

the cathode grid and the extractor grid having a second
voltage therebetween less than the first voltage such that
the electrons are decelerated as they approach the extrac-
tor grid, at least some of the electrons striking the ion-
izable gas molecules to create the ions.

12. A well logging instrument comprising:

a sonde housing;

a radiation generator carried by the sonde housing;

a solid insulator carried by the sonde housing between an
inner surface of the sonde housing and an outer surface
of the radiation generator; and

an insulating gas in the sonde housing;

the radiation generator comprising
a sealed generator tube,

a charged particle source carried within the sealed gen-
erator tube and configured to emit charged particles,

an extractor electrode carried within the sealed genera-
tor tube downstream of the charged particle source at
a first potential,

an intermediate electrode carried within the sealed gen-
erator tube downstream of the extractor electrode
wherein the intermediate electrode comprises a base
extending along the longitudinal axis of the sealed
generator tube, and a projection extending outwardly
from the base, wherein the projection comprises a first
portion extending from a central point in the base
toward the charged particle source and a second por-
tion extending from the central point in the base away
from the charged particle source, wherein the first and
second portions are substantially symmetrical to each
other,

a suppressor electrode carried within the sealed genera-
tor tube downstream of the intermediate electrode at a
second potential opposite in sign to the first potential,
and

a target within the sealed generator tube downstream of
the suppressor electrode,

the intermediate electrode being at an intermediate
potential between the first and second potential,

the difference in the first and second potentials being
such that an electric field generated in the sealed gen-
erator tube accelerates the charged particles emitted
by the charged particle source toward the target;

wherein the intermediate electrode curves in a generally
complementary trajectory to the extractor electrode
and in a generally complementary trajectory to the
suppressor electrode, thereby allowing an accelera-
tion gap between the ion source and the target to be
shorter than otherwise, and thereby reducing a num-
ber of charge exchange reactions that might otherwise
occur.
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13. The well logging instrument of claim 12, wherein the
intermediate potential is a ground potential.

14. The well logging instrument of claim 12, wherein the
extractor electrode is curved inwardly toward a longitudinal
axis of the sealed generator tube in a direction away from the
charged particle source.

15. The well logging instrument of claim 12, wherein the
suppressor electrode is curved inwardly toward a longitudinal
axis of the sealed generator tube.

16. The well logging instrument of claim 12, wherein the
intermediate electrode is T-shaped.

17. The well logging instrument of claim 12, wherein the
projection has a concave triangular shape.

18. A method of generating radiation comprising:

generating ions and indirectly generating undesirable par-

ticles, using an ion source within an insulator, the unde-
sirable particles generated on a trajectory toward the
insulator;

accelerating the ions toward a target within the insulator

using an extractor electrode downstream of the ion
source at a first potential and a suppressor electrode
downstream of the extractor electrode at a second poten-
tial opposite in sign to the first potential; and

shielding the insulator from the undesirable particles that

would otherwise strike the insulator, using an interme-
diate electrode downstream of the extractor electrode
and upstream of the suppressor electrode at an interme-
diate potential between the first and second potential and
using the extractor electrode, wherein the extractor elec-
trode shields the insulator by curving inwardly toward a
longitudinal axis of the insulator away from the ion
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source, and using the suppressor electrode, wherein the
suppressor electrode shields the insulator by curving
inwardly toward a longitudinal axis of the insulator
toward the ion source, wherein the intermediate elec-
trode curves in a generally complementary trajectory to
the extractor electrode and in a generally complemen-
tary trajectory to the suppressor electrode, thereby
allowing an acceleration gap between the ion source and
the target to be shorter than otherwise, and thereby
reducing a number of charge exchange reactions that
might otherwise occur.

19. The method of claim 18, comprising reducing an elec-
tric field that would otherwise be at a surface of the suppressor
electrode by shaping the suppressor electrode to be curved
inwardly toward a longitudinal axis of the insulator.

20. The method of claim 18, comprising shielding the
insulator from the undesirable particles that would otherwise
strike the insulator by shaping the extractor electrode to cap-
ture the undesirable particles.

21. The method of claim 18, wherein the intermediate
electrode comprises a base extending along the longitudinal
axis of the housing, and a projection extending outwardly
from the base.

22. The method of claim 18, wherein generating the ions
comprises:

emitting electrons using a cathode; and

accelerating the electrons away from the cathode using a

grid downstream of the cathode so that some of the
electrons accelerated away from the cathode strike ion-
izable gas molecules to create the ions.
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